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(g) Method and apparatus for tuning field for plasma processing using corrected electrode. 



(57) A device for reducing plasma irregularities 
includes an electrode assembly capable of ap- 
plying an electric potential to said plasma. The 
electrode assembly includes a portion for re- 
ducing the plasma irregularities. The portion 
which reduces the plasma irregularities in- 
cludes alternately a buried portion which is 
capable of altering the potential within the 
buried element, or else a conditioned portion of 
the surface which controls reflectivity and/or 
emtssivity of portions of a surface of the elec- 
trode assembly differently. 
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FIELD OF INVENTION 

The present invention relates to plasma fields, 
and mor particularly to configuring electrodes asso- 
ciated with the plasma fields such that the effects of 5 
irregularities and discontinuities in the electrodes 
within the plasma and these effects on the sheath will 
be reduced. 

BACKGROUND OF THE INVENTION 10 

Plasma processing is a critical technology in 
modern microelectronics fabrication. It is used for 
etching, deposition and sputtering of thin films. Plas- 
ma processes typically account for 25-40% of the 15 
steps used in fabrication for microelectronics. Despite 
the wide applications of the plasma processing tools 
in the industry, they are among the least understood 
tools in the industry. One of the primary limitations of 
the plasma processing tools results from contamina- 20 
tion, in which impurities are attracted to distinct por- 
tions of the plasma. A contributing cause for this prob- 
lem was elucidated when it was discovered that the 
plasma tools themselves generate considerable con- 
tamination. 25 

The problem of particle contamination in plasma 
processing has since been the subject of consider- 
able interest. Rastered laser light scattering, as per- 
formed in laboratory and manufacturing tools, indi- 
cate that particles are most commonly trapped in the 30 
vicinity of wafer edges and clamp rings. Furthermore, 
Langmuir probe measurements in these systems in- 
dicate that topographic discontinuities due to wafer 
edges and clamp rings cause local changes in the 
plasma potential above the discontinuity. These per- 35 
turbations in the plasma, which often appear as local 
maxima in potential, are very effective in trapping 
particles since the particles in plasmas are negatively 
charged. These local variations in plasma potential 
also cause non-uniformities in the plasma etching, 40 
deposition, or surface treatment, and also have a det- 
rimental effect on gate oxide integrity. 

Recent experimental studies have shown that 
material and/or topographical discontinuities on the 
electrode of the plasma tool induce a localized 45 
change in the plasma and sheath potential over the 
area of disturbance at the plasma/sheath boundary. 
Typically, the disturbed area of the sheath and/or 
plasma results in changes of plasma properties (e.g. 
potential, density, emission, etc.). These disturbed 50 
regions of the plasma tend to have a higher propen- 
sity to trap contaminant particles. Furthermore, these 
regions also adversely affect processing uniformity of 
the workpiece on the electrode. 

Problems with plasma non-uniformity often arise 55 
in new high density plasma tools (e.g. electron cyclo- 
tron r sonance and h I icon) as a r suit of source de- 
sign. Other sources of non-uniformity include subop- 



timal fluid flow fields, temperatur gradients and wa- 
fer pattern variations. Unintended non-uniformity is 
undesirable not only from the standpoint of uneven 
etch and deposition rates, but can also cause thin ox- 
ide damage. Such non-uniformities typically result in 
a certain percentage of the workpiece being unusable 
in the final product. 

It should be evident from the above that it would 
be highly desirable to provide an electrode assembly 
which produces a plasma and sheath configuration 
which is substantially uniform and free of perturba- 
tions because the number of electrically charged con- 
taminants trapped near the workpiece is thereby lim- 
ited, and process uniformity is also improved. As 
such, a larger portion of the workpiece which is being 
processed with the plasma could be utilized in the fi- 
nal product, and a greater cost efficiency is achieved 
in the manufacturing process. 

SUMMARY OF THE INVENTION 

The present invention relates to a device for re- 
ducing plasma perturbations which includes an elec- 
trode assembly capable of applying an electric poten- 
tial to said plasma. The electrode assembly includes 
a portion for reducing the plasma irregularities. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

Fig. 1 illustrates a side, partially cross sectional, 
view of one prior art embodiment of electrode as- 
sembly 20 and the workpiece 22; 
Fig. 2 illustrates a top view of the electrode as- 
sembly illustrated in Fig. 1; 
Fig. 3 illustrates a side, partially cross sectional, 
view of an alternate prior art embod iment of elec- 
trode assembly 20 and workpiece 22 which in- 
cludes a clamp ring 32 which is configured rela- 
tive to the workpiece 22; 

Fig. 4 illustrates a prior art schematic of uniform- 
ity of plasma application to the workpiece 22 
when the Fig. 3 device is utilized; 
Fig. 5 illustrates a prior art schematic illustrating 
a workpiece 22 (an electronic wafer) similar to 
Fig. 4 which has undergone plasma processing 
by the device illustrated in Fig. 3, illustrating elec- 
tronic chip layouts which may be formed there- 
from to illustrate which chips may be utilized and 
which chips are unusable; 
Fig. 6 illustrates a side view of an alternate prior 
art embodiment in which an electrostatic chuck 
38 is utilized to secure the workpiece to the elec- 
trode assembly; 

Fig. 7 illustrates a typical prior art plasma emis- 
sion configuration which exists above an elec- 
trode assembly which has no wafer present; 
Fig. 8 illustrates the plasma of Fig. 7. in which the 
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electrode assembly is modified by aluminum in- 
serts of one mbodiment of the pr sent inven- 
tion, in which perturbations exist to such a point 
that hot spots are formed; 

Fig. 9 illustrates one mbodiment of the present 5 
invention in which passive buried elements 60 
are inserted into the electrode assembly; 
Figs. 10a, 10b, 10c, 10d and 10e illustrate differ- 
ent configurations of buried elements 60 located 
similarly to that illustrated in Fig. 9; 10 
Fig. 11 illustrates a graph demonstrating the af- 
fect of buried elements of the type illustrated in 
Fig. 9 and Figs. 1 0 on etch uniformity of a work- 
piece (in this case a wafer), where a workpiece 22 
is placed on the electrode assembly; 15 
Fig. 12 illustrates another embodiment of the 
present invention where active buried elements 
are inserted into the electrode assembly; 
Fig. 13 illustrates an alternate embodiment of the 
present invention, in which the active buried ele- 20 
ments are controlled by the supply of a variable 
electric potential to the buried element; 
RgT^alllu^trate^^mbaTfied version ofThe~Fig7~ 
13 embodiment, in which the variable electric po- 
tential to the buried element is controlled by a mi- 25 
croelectronic controller 96 which is regulated by 
a plurality of sensors 95 located within said plas- 
ma; 

Fig. 14 illustrates an alternate embodiment of the 
present invention, prior to pulses being sent 30 
through buried elements to propel the particles 
away from the workpiece; 
Fig. 15 illustrates the Fig. 14 embodiment after 
the pulses have been sent through the buried ele- 
ment; 35 
Fig. 16 illustrates an alternate embodiment of the 
present invention in which a surface 102 of the 
electrode assembly 20 is modified in order to al- 
ter the properties in certain regions of the plasma; 
Fig. 17 illustrates one embodiment of the parent 40 
invention of an electrode assembly with adjacent 
smooth and roughened plasma surfaces, where- 
in the plasma is altered considerably by the char- 
acteristics of the surfaces; 

Fig. 18 illustrates similar alternate embodiment 45 
of buried element associated with the electrode 

assembly to"that"illustrated"in Figr9r except with 

an alternate primary plasma source 150; and 
Fig. 19 illustrates an alternate embodiment of the 
present invention in which the buried element is 50 
located in a focus ring. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

55 

The specific configurations, dimensions, work- 
piec geometries and siz s and orientations of th 
present invention ar intended to be illustrative in 



scope, and are not intended to be limiting. Elements 
which provide similar functions in the different m- 
bodi ments may be provided with similar reference 
characters. While many embodiments of the present 
invention are configured to provide a more uniform 
plasma, it is also within the scope of the present in- 
vention to provide an altered plasma for whatever rea- 
son. 

Figs. 1 and 2 illustrate a side and top view, re- 
spectively, of a prior art embodiment of electrode as- 
sembly 20 which supports a relatively light workpiece 
22. The electrode assembly 20 includes an electrode 
21 . The workpiece 22 may be a semiconductor wafer, 
a magnetic storage disk, a flat panel display for a 
computer, or any other device which may be process- 
ed with plasma processes. The electrode assembly 
20, an alternating voltage terminal 24 and a ground 
terminal 23 is configured to apply a very localized and 
selectively applied electric voltage through the work- 
piece 22 in a known manner. The application of the 
electric voltage is capable of producing and/or alter- 
ing electrical region 25 consisting of a plasma 26 and 
~ aliTlecn'ic~sheaTh~28 above - the workpiece 22.~The~ ~ 
sheath 28 may be considered as the portion of the 
electrical region 25, adjacent said workpiece 22, 
which has a high variation in the electric field. The 
plasma 26 will be considered as that portion of the 
electrical region 25 which does not have high varia- 
tion in the electric fields 28. In the remainder of the 
specification, the term "plasma" is intended to cover 
both the plasma and the sheath, unless there is a spe- 
cific differentiation between the two portions of the 
electrical region. 

A problem with the configuration illustrated in 
Figs. 1 and 2 is that there is no device which secures 
the workpiece 22 to the electrode assembly 20. The 
ramification of this situation becomes evident when 
one considers the lightness of many of the workpiec- 
es 22 which plasma processing may be applied to, the 
amount of electric charge which is produced by the 
electrode assembly 20, and the precision with which 
the plasma methods must be applied to many of the 
workpieces in order to produce many of the intricate 
and minute design configurations on the workpiece. 
In all of the embodiments described in this disclosure, 
the workpiece 22 is illustrated in a cylindrical config- 
-uration since-this-is-the general-configuration of an - 
electronic wafer. However, to modify the workpiece 
22 and the associated structures into whatever con- 
figuration is desired is simply a design choice and 
does not alter the basic scope of the present inven- 
tion. 

In order to provide a more secure thermal and/or 
electrical contact between the workpiece with the 
electrode assembly, the prior art configuration illu- 
strated in Fig. 3 was provided. A clamp ring 32, which 
is cylindrical and ori nt d to radially conform and se- 
cure an outer peripheral dge 34 of said workpiece 
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22, is secured to the electrode assembly 20. The 
clamp ring 32, when it is in position, may cover up to 
approximately 2 mm of the workpiece as illustrated in 
Fig. 3. The portion of the workpiec which is covered 
by the clamp ring 32 is not able to be processed with 5 
normal plasma techniques, and as such must be dis- 
carded after processing as useless waste. In addition, 
the clamp ring contributes a disturbance to the plas- 
ma such that an additional circumferential region, typ- 
ically 4 to 6 mm from the inside edge of the clamp ring 10 
cannot be processed with the same uniformity as the 
remaining regions of the workpiece. 

Fig. 4 illustrates a schematic of the uniformity of 
the application of the plasma onto the workpiece ac- 
cording to the distance from the center of the work- 15 
piece. The inner portion R represents an approximate 
distance, that is less than the distance from the center 
of the workpiece 22 to the inner edge of the clamp ring 
32, which is the region of the workpiece at which the 
plasma is usable. The outer portion r represents that 20 
portion of the workpiece 22 which is either covered 
over by the clamp ring 32 or sufficiently close to the 
clamp ring that the plasma is unacceptably altered, 
and thereby does not meet the uniformity level which 
the inner region R has. As such, the outer portion r of 25 
the workpiece 22 is unusable. 

Fig. 5 illustrates a chip layout for a workpiece 22 
(in this case an electronic wafer) which has been pro- 
duced by the electrode assembly 20 configuration as 
illustrated in Fig. 3, and as such have uniformity char- 30 
acteristics similar to those illustrated in Fig. 4. The in- 
ner portion R of the workpiece 22 is usable, and any 
layout element 36a which falls entirely within the inner 
region R is usable. Any layout element 36b which falls 
entirely within the outer portion r is unusable. In ad- 35 
dition, any layout element 36c which falls partially 
within the outer portion r is also unusable. As the 
chips size of the layout elements become larger and 
larger (which is the tendency as the semiconductor 
and electronic industries become more and more so- aq 
phisticated), then generally a larger percentage of the 
layout elements fall within the latter categories of 36b 
and 36c, and as such, is unusable. Therefore, it is de- 
sirable to provide for a larger percentage of elements 
which fall in the first category 36a (which are usable). 45 

A second prior art device which provides a sys- 
tem for securing the workpiece 22 to the electrode as- 
sembly 20 is illustrated in Fig. 6, utilizes an electro- 
static chuck 38. While there is no dielectric device 
which blocks the application of the plasma similarly so 
to the clamp ring 32 as described relative to the Fig. 
3 embodiment, Fig. 6 represents another system 
which produces irregularities to the plasma or sheath 
caused by exposed edges of the wafer and differenc- 
es in the materials exposed to the plasma. This too re- 55 
suits in peripheral non-uniformities of processing. An 
electrostatic chuck 38 utilizes a direct current (here- 
after ref rred to as "dc") source or field 39 which is 



sufficient to hold the workpiece in position by an elec- 
tric potential which is analogous to static electricity 
(which may be more properly referred to as an elec- 
trostatic clamping force). A relative dc field is pro- 
duced by the dc source 39 which maintains the vol- 
tage of the electrostatic chuck 38 at a substantially 
fixed voltage which differs from the voltage level of 
the electrode 21 . 

Plasma Mapping 

Recent investigations by the inventors of the 
present invention relate to spatial maps of induced 
emissions of plasma 26 (which as previously noted in- 
corporates the sheath 28) above the electrode as- 
sembly 20, and have demonstrated that this is an ef- 
fective manner of mapping and quantifying local 
changes of plasma density, and from this, the plasma 
potential in the plasma 26, and irregularities thereto. 
In particular, it has been found that non-uniform re- 
gions 49 in the plasma 26 (either a "hot or bright spot 0 
or a "cold or dark spot" in the plasma induced emis- 
sion) frequently corresponds closely with particle 
traps (not illustrated) which form in the vicinity of ma- 
terial and/or topological changes in the electrode as- 
sembly 20, such as by the insertion of the aluminum 
element in the electrode assembly 20 as illustrated in 
Fig. 8. 

Plasma Configurations 

Fig. 7 illustrates a plasma above a typical prior art 
dielectric/metal sandwich electrode assembly 20; the 
plasma is quite uniform and there is an absence of 
particle traps in the plasma. However, by modifying 
the electrode configuration as illustrated in Fig. 8, 
which is one embodiment of the present invention, the 
plasma density and potential is altered considerably. 
A bright spot 49 is created in the plasma 26 above the 
electrode assembly 10. The spatial map of the plas- 
ma induced emission, as illustrated in Figs. 7 and 8, 
is a powerful tool in determining the location and in- 
tensity of the particle traps, and therefore provide a 
strong indication that a high level of particles may be 
attracted to the nonuniform region 49. Recent results 
from a two dimensional simulation of radio frequency 
(hereafter r-f) coupled discharges corroborates the 
association between bright spots and possible partic- 
le traps with discontinuities. Topological and/or mate- 
rial changes in the electrode assembly 20, illustrated 
in Fig. 8, may be configured to compensate for irreg- 
ularities in the polarities which are produced by the 
electrode assembly 20, as described below. 

Reconsidering Fig. 6, non-uniformities will ap- 
pear in the plasma above an edge 54 in the workpiece 
22. The edge may be a peripheral edge such as where 
the workpiece is a wafer or a similar member, or it may 
be an internal edg , for example, where th work- 
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piece is a magnetic storage disk (not illustrated but 
well known in the art). Such material and topograph- 
ical discontinuities from th presence of a work piece 
22 on an electrode assembly 20 which result in a non- 
uniform plasma (due to edge induced disturbanc of 
the plasma and differences in electron emission/re- 
flection coefficients of the electrode and/or the work- 
piece) is essentially unavoidable. Given that this sit- 
uation adversely affects uniformity and particle con- 
trol, it is desirable to use innovative electrode designs 
to negate the effect of these disturbances. A pertur- 
bation is likely to exist in the plasma above the work- 
piece edge 54 (whether the workpiece edge is periph- 
eral or internal of said workpiece) or other irregularity 
as a result of non-uniform impedance between the 
electrode and the plasma. Compensating for such 
discontinuities or perturbations in any of the above 
configurations in the workpieces, or any other discon- 
tinuities which may be produced in close proximity to 
an electrode assembly 20, is one of the primary goals 
of the present invention and would greatly assist in 
plajsma^process[ng techn iqyes. These improvements 
will result in a considerable increase in yield from 
such techniques. As such, the invention should pro- 
duce a uniform plasma such as illustrated in Fig. 7, 
except that the workpiece is situated on the electrode 
assembly 20. Producing a more uniform plasma im- 
proves process uniformity and reduces the number of 
contaminant particles on the workpiece. 

Compensating For Plasma Irregularities For 
Reducing Particle Traps 

The above mentioned plasma perturbations and 
discontinuities may be greatly limited by the addition 
of a subsurface element placed below the wafer edge 
or irregularity to equalize the r-f coupling across the 
electrode. The element can be actively tuned for a 
specific plasma-sheath structure by, for example, us- 
ing piezoelectric materials to control the spacing of a 
vacuum gap in the electrode and thus spatially tuning 
the propagation of the r-f power through the elec- 
trode. 

There are two basic types of tuning devices illu- 
strated herein which compensate for plasma irregu- 
larities. These two types are illustrated as mod if ica- 
^tlbnsof Th^~em bocl i menfof ^oTOrt il lustratedi n'Figr 
6, even though it is to be understood that these mod- 
ifications could be easily applied to any of the other 
described prior art embodiments, or any other known 
embodiment in the field by a person having ordinary 
skill in the art 

The first type of embodiments illustrated herein 
is referred to as the "inserted embodiments" and is il- 
lustrated in Figs. 9 to 15, 18 and 19. In these embodi- 
ments, a separate element is attached to, or embed- 
ded within or about, the lectrode assembly 20 in or- 
der to tune the plasma above the electrode assembly. 
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The second embodiment type of tuning elements ar 
referred to as "conditioning mbodiments"; and rep- 
resents those embodiments in which an electrod 
surface 100 of the electrod assembly 20 is condi- 
tioned or coated in such a manner that electrons in 
the plasma and/or sheath are reflected, emitted, etc. 
to equalize discontinuities in the pfasma. The condi- 
tioning embodiments are illustrated in Figs. 16 and 
17. 

Fig. 9 illustrates the first embodiment of inserted 
embodiment of tuning element, in which a buried ele- 
ment 60 is inserted in said electrode assembly 20. 
The buried element 60 is generally annular (even 
though it may be formed in distinct radial elements), 
and is positioned below and in close proximity to the 
peripheral workpiece edge 54. All tuning elements 
which rely upon buried elements are inherently of the 
inserted type. The buried element 60 of Fig. 9 con- 
tains a first portion 62 which is below and inside of the 
applicable workpiece edge 54, and a second portion 
64 which is below and outside of the workpiece edge 
54. The buried element 60 has an upper surface 66 
which is buried aTade])thl687Tr7e~buned elements " 
self has a thickness 70. The buried element may be 
formed from any material which is capable of altering 
the capacitance of the electrode assembly (which 
may or may not include the electrostatic chuck 38), 
but the combinations of a teflon (which is a trademark 
of the Dupont Company of Wilmington Del.) buried 
element in a quartz electrode assembly, or an alumi- 
num buried element in a quartz electrode assembly, 
has been found to function. The buried element may 
be active or passive. Modifications to the material 
and configuration of the buried element will produce 
considerably different effects on the plasma. It will 
therefore be desirable to alter the configuration of the 
buried elements based upon the specific workpiece. 
Configuring the buried elements for the specific 
workpiece is largely empirical in nature, and the 
knowledge of which is increasing with more research 
being conducted in this area. 

It is typically relatively easy to configure a buried 
element to a workpiece sufficiently well to provide for 
a reasonably regular plasma gradient configuration. 
Figs. 10a, 10b, 10c, 10d, and 10e represent different 
cross sectional configurations of buried elements 60 
contained within the electrode assembly 20rlt is also- - 
possible that, and the present disclosure covers, bur- 
ied elements to be formed as a portion of the electro- 
static chuck 38 (not illustrated). It is preferable to 
have the buried elements actually buried in the elec- 
trode assembly 20, as illustrated in Figs. 9 and 10, 
since it has been found that surface elements (buried 
elements which are exposed to the plasma) can pro- 
vide another vehicle for producing impurities or alter 
the physics and chemistry of the plasma. 

In this disclosure, the term "passive" when refer- 
ring to the buried el ments 60 is defined such that th 
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potential ffect from the buried element on to the 
plasma is substantially unchanging with time; this re- 
sults fr m the buried elements being substantially 
constant in configuration, position and composition 
over time, "Active" buried element, by comparison, 5 
are defined as being configured to change with re- 
spect to time, as may be controlled by the user. The 
passive buried element in Fig. 8 operates by modify- 
ing the capacitive effect of the electrode assembly 20 
(which may or may not include the electrostatic chuck 1 o 
38) onto the plasma. This alteration of the capacitive 
effect is sufficient to alter the potential gradient of the 
plasma. 

Fig. 11 illustrates the effect on the plasma of ap- 
plying a buried element 60 within the electrode as- 15 
sembly 20. The first curve (which follows the triangu- 
lar symbols) represents the etch depth of an silicon di- 
oxide film with an uncompensated electrode assem- 
bly. The downward deflection of the curve, near the 
edges of the wafer, represents the non -uniformity in 20 
the etch depth. The second curve, illustrated by the 
circular symbols, indicates the effects of the buried 
sublayers on etch depth uniformity. The uniformity on 
the left is vastly improved (more horizontal) with the 
inclusion of a burled teflon sub-layer as illustrated. On 25 
the right; aluminum was used as a buried sublayer. 
The aluminum sublayer represents a poor choice of 
compensation in this case since the uniformity was 
not substantially affected. The effectiveness of the in- 
serted material in the electrode may alter depending 30 
upon the configuration and materials used in the elec- 
trode assembly, and other variables. 

Fig. 12 illustrates one embodiment of active bur- 
ied element 80. The active buried element 80 of this 
embodiment actually includes a first portion 82 and a 35 
second portion 84. The active buried element 80 typ- 
ically is formed from similar materials as the active 
buried elements of Fig. 10, and each of the Fig. 10 
buried elements 60. What causes the buried element 
80 to be active is that the relative position of the first 40 
portion 82 may be altered with respect to the second 
portion 84, which results from the action of a piezo- 
electric driver 86; whose operation is well known in . 
the art and may be controlled remotely by a human 
operator or programmed by a computer. Altering the 45 
relative positions of the first portion 82 and the sec- 
ond portion 84 will result in a different capacitive ef- 
fect being produced between the electrode assembly 
20 and the plasma 26, and will thereupon result in dif- 
ferences in the plasma above, as well. One major ad- so 
vantage of this embodiment is that the effect of the 
buried element 80 may be varied (altering the plasma 
configuration) during plasma processing which oc- 
curs inside a vacuum. Alternately, the configuration of 
the electrostatic chuck 38 may be altered by using a 55 
piezoelectric driver, resulting in a similar plasma mod- 
ification. While this embodiment is not illustrated, it 
would be understood to on having ordinary skill in 



the art. 

Another configuration f active buried element 90 
is illustrated in Fig. 13 in which variation of the capac- 
itive effects (betw en the electrode assembly and 
the plasma) is produced by the active buried element 
90, and is at least partially caused by modification of 
a potential supplied from a potential source (a plural- 
ity of potential sources 92a and 92b are illustrated in 
Fig. 13) which is electrically connected to the active 
buried element 90. The active buried element 90 in 
Fig. 13 may be formed from the same material as that 
described in Fig. 9. However the fact that an external 
power source (the potential sources 92a and 92b) is 
applied directly to the active buried element will pro- 
vide a buried element which is generally capable of 
producing a stronger effect on the plasma potential 
gradient than the passive embodiments of buried ele- 
ments which rely on capacitance changes in the elec- 
trode assembly as described above. The spatial vari- 
ation may also be obtained by other techniques, e.g. 
filters, by one having ordinary skill in the art. 

The Fig. 13 embodiment of the present invention 
may be automated, as illustrated in Fig. 13a, by the 
inclusion of sensors 95 (e.g. optical, electromagnetic, 
electrical, etc.) which determine the actual plasma 
parameter (e.g. potential, density, emissions, etc.) 
levels in specific regions. The plasma parameter lev- 
els are input into an electronic controller 96 which reg- 
ulates the potential level supplied to the buried ele- 
ments 90. The addition of microelectronic control de- 
vices, and sensor elements, as envisioned in the Fig. 
1 3a embodiment are well known in the art and will not 
be further detailed herein. 

In an alternate embodiment illustrated in Fig. 18, 
which is very similar to the embodiment illustrated in 
Fig. 9, a distinct primary plasma source 150 is applied 
above the location where the plasma is to be formed. 
In the Fig. 18 embodiment, the primary plasma 
source 150 produces the plasma while the electrode 
assembly (including the buried elements) act to mod- 
ify the plasma. In the Fig. 9 embodiment by compar- 
ison, the electrode assembly forms the plasma. The 
Fig. 18 embodiment is included to illustrate that the 
elements of the present invention can be used to 
modify the plasma as well as to form the plasma. 

While the above embodiments of buried ele- 
ments have been illustrated as being physically bur- 
ied within the electrode assembly 20, it is within the 
scope of the present invention that the buried ele- 
ments are in contact with the surface of, or actually 
above the surface of the electrode assembly 20. 
However, it is desirable to maintain a boundary be- 
tween the buried elements and the plasma to mini- 
mize contaminant produced therefrom. This is espe- 
cially significant in cases such as where the work- 
piece 22 is a semiconductor chip, or other electronic 
device which can be significantly affect d by contam- 
ination. Contamination to the workpiece typically oc- 
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curs after the plasma operation is xtinguished, and 
th particles which have be n susp nded over th 
workpiece by the electric field set up by the electrode 
assembly 20 unavoidably settle onto the workpi c 
22. 

In another embodiment illustrated in Fig. 19, the 
buried element may be encapsulated within the clamp 
ring 32. Similarly, the buried element may be con- 
tained within a so called focus ring or collar 125. The 
focus ring (which is a different name for a collar) is 
structurally identical to the clamp ring, except that the 
clamp ring is secured to a part of the electrode assem- 
bly 20, and effectively secures the workpiece 22 to 
the electrode assembly 20. The focus ring lies on top 
of, or adjacent to, the workpiece and is not necessar- 
ily secured to the electrode. The primary purpose of 
the focus ring 125 is to alter the plasma adjacent the 
workpiece. It is envisioned that the buried element 
may be located within the focus ring, as illustrated in 
Fig. 19, or may simply lie between the focus ring and 
the remainder of the electrode assembly. 

In an alternate-embodiment of thejnyention. as 

illustrated in Figs. 14 and 15, a nominally uniform 
plasma is intentionally distorted during the final peri- 
od of plasma processing by the addition of a time 
varying electric pulse being applied to the buried ele- 
ment by a power source. This helps to drive any sus- 
pended particles 98, which collect above the work- 
piece, away from the workpiece prior to the end of the 
processing (and the resulting removal of the electric 
charge), to decrease the impurities which the wafer is 
exposed to. The pump ports 97 for the process cham- 
ber will be able to remove those particles which have 
been driven in a direction away from the area of the 
workpiece by suction, as indicated by the arrow 109. 
In a related manner, the buried elements may be used 
to provide some non-uniformity in the plasma (not 
only to produce a more uniform plasma). 

Fig. 1 6 illustrates the first embodiment of tuning 
element of the present invention which is character- 
ized as a conditioning embodiment In this embodi- 
ment, the tuning of the plasma is provided by the re- 
flective or emissive electron characteristics of the 
surface 100 of the electrode assembly 20. Specifical- 
ly, if the plasma above the electrode assembly sur- 
face 102 which is not covered by the workpiece 22 



has a higher plasma density and/or emission than the 
region above the workpiece surface, the surface 102 
is roughened to lower the electron emission and/or 
electron reflection coefficient which will tend to de- 
crease plasma density and/or emission above the 
non-covered surface 102. Therefore, plasma will be 
radially more uniform (in situations where the plasma 
density is too low above a particular surface, modifi- 
cations to that surface to increase the secondary 
electron emission and/or electron reflection are ap- 
propriate). The secondary electron emission coeffi- 
cient and the electron recombination coefficient rep- 



resent the two primary mechanisms by which rough- 
ening the surface effects the transmitters of the elec- 
trons. 

While the Fig. 16 embodiment utilizes roughened 
5 and smoothed surface to adjust the reflectivity and/or 
emissivity of the electrons which are in contact with 
surface 100 of the electrode assembly 20, the same 
effect will result in the Fig. 16 embodiment where the 
surface 100 is coated with different coatings which il- 

10 lustrate similar reflective/emissive characteristics as 
that in the Fig. 16 embodiment. Any method which re- 
sults in different transmissions of electrons based 
upon the mechanisms described in the Fig. 16 em- 
bodiment, from the plasma to the electrode assembly 

15 is within the scope of the conditioning embodiments 
of the tuning elements of the present invention. While 
the Figs. 1 6 and 17 embodiments illustrate two of the 
better understood surface electrode modifications, 
any other known surface modification which func- 

20 tions similarly to those as described with respect to 
these two embodiments are within the scope of the 

pri or art It is also possible to provide a workpiece 22 

which, itself, has altered reflective emissive charac- 
teristics in order to provide an altered plasma. 

25 Fig. 17 illustrates what a dramatic effect rough- 

ening the surface of the electrode assembly 20 can 
have on the plasma. In Fig. 17, the portions of the 
plasma emission (and consequently plasma poten- 
tial) levels above a roughened surface 120 are differ- 
so ent than the levels above a smooth surface 1 22 (even 
though both the roughened surface 120 and the 
smooth surface 122 are constructed from similar ma- 
terials, and thus the chemical properties of the two 
surfaces are the same). 

35 It is to be understood that the application of bur- 

ied structures in the electrode to equalize and regu- 
late the plasma uniformity is within the scope of the 
present invention whatever the plasma may be used 
for. This present disclosure has described plasmas 

40 applied to workpieces secured with clamps or electro- 
static chucks, but the present plasma regulating proc- 
ess may also be applied to any other plasma applica- 
tion utilizing workpieces and/or electrodes which pro- 
duce plasma irregularities. 

45 While the above devices for altering the potential 

of different portions of the plasma have been descri- 
~ bed iWthe^Iternalive, it is~to be^n^ersto^ that these ~ 
devices may be used in combination, as appropriate, 
and the combination of these devices is also within 

so the scope of the present invention. It is not necessary 
that the buried element be formed as a separate ele- 
ment from the electrostatic chuck, as described in the 
above embodiments. It is possible that the buried ele- 
ment be formed as part of the electrostatic chuck, the 

55 clamp ring, or the focus ring, and as such, the required 
delineation between the electrostatic chuck, the 
clamp ring or the focus ring and th buried elements 
become somewhat blurred. 
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Claims 

1. An apparatus for controlling plasma irregulari- 
ties, comprising: 

an electrode assembly (20) capable of applying 
an electric potential to said plasma, said elec- 
trode assembly comprising means (60) for con- 
trolling the plasma irregularities. 

2. The apparatus as described in claim 1, further 
comprising: 

a workpiece in contact with said electrode as- 
sembly. 

3. The apparatus as described in claim 2, wherein 
said electrode assembly further comprises: 

an electrostatic chuck and/or a clamp ring and/or 
means for securing said workpiece to said elec- 
trode assembly. 

4. The apparatus as described in claim 1, further 
comprising: 

a surface of said electrode adjacent said plasma, 
wherein said controlling means comprises buried 
elements located at or below said surface. 

5. The apparatus as described in claim 4 wherein 
said buried element is active or passive. 

6. The apparatus as described in claim 1 and 4, 
wherein the potential applicable to said buried 
element is variable. 

7. The apparatus as described in claim 4, wherein 
said buried element may be displaced resulting in 
its active characteristics. 

8. The apparatus as described in claim 4, wherein 
said buried element is a portion of an electrostatic 
chuck. 

9. The apparatus as described in claim 4, wherein 
said buried element affects a radio frequency 
coupling or capacitance between the electrode 
assembly and the plasma. 

10. The apparatus as described in claim 9, wherein 
a substantially uniform trap-limited plasma 
above the electrode is achieved. 

11. The apparatus as described in claim 1, wherein 
said electrode assembly further comprises: 

a plurality of electrically isolated sections which 
are capable of being powered independently. 

12. The apparatus as described in claim 1, wherein 
said controlling means further comprises: 

xternally controllabl or actively tuned or sub- 



layer elements contained in the electrode assem- 
bly power distribution lements for in-process, 
programmable, or feed back controlled tuning of 
the plasma field uniformity. 

5 

13. The apparatus as described in claim 1, further 
comprising: 

means for securing a workpiece within said plas- 
ma; and plasma field control means for creating 
10 a potential gradient capable of driving particles 

away from the workpiece, after said plasma is ac- 
tive. 

14. The apparatus as described in claim 12, wherein 
15 said control means further comprises: 

pulse means for creating an electrical pulse 
which is capable of driving particles away from 
the workpiece or a surface which is configured 
differently in distinct regions, to control the rate 
20 of the passage of electrons there to per given 

area, at the distinct regions. 

15. The apparatus as described in claim 14, wherein 
said surface configuring is based upon varying 

25 the roughness of the distinct regions of said sur- 

face or upon coating the distinct regions of said 
surface differently. 
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16. The apparatus as described in claim 1, wherein 
said control of plasma irregularities results from 
altering a secondary electron emission coeffi- 
cient or from altering an electron reflection coef- 
ficient adjacent said plasma. 



1 7. A method by which an electrode assembly pro- 
duces a plasma, comprising the steps of: 
modifying the configuration of said electrode as- 
sembly, wherein when a workpiece is placed in 
contact with said electrode assembly, potential 
40 variations in said plasma over said workpiece is 

altered. 



18. The method as described in claim 17, further 
comprising the step of: 

applying a capacitive device to the electrode as- 
sembly to affect a radio-frequency coupling be- 
tween the electrode assembly and the plasma. 



1 9. The method as described in any one of claims 1 7 
or 18, wherein said modifying the configuration 
includes altering capacitance between the elec- 
trode assembly and the plasma. 

20. The method as described in any one of claims 1 7 
to 19, wherein said potential variations are in said 
sheath or in said plasma. 

21. The method as d scribed in claim 19, wherein 
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said modifying said electrode assembly step fur- 
ther comprises: mbedding a potential tuning 
element within said electrode assembly. 

22. The method as described in claim 21, wherein 5 
said potential tuning element is positioned within 
said electrode assembly in close proximity to an 
edge of said workpiece. 

23. The method as described in claim 22, wherein 10 
said edge is peripheral or internal of said work- 
piece. 

24. The method as described in any one of claims 21 

to 23, wherein said potential tuning element is a is 
passive or an active element. 

25. The method as described in any one of claims 1 7 
to 24, wherein said modifying the configuration of 
said electrode assembly further comprises: 20 
altering the surface of said electrode assembly, 

suchJhatJhejnteraclic^ij)^ 

within said plasma with various portions of said 
electrode assembly is altered. 

25 

26. The method as described in claim 25, wherein 
said altering the surface of said electrode assem- 
bly comprises: 

roughening or coating portions of said surface. 

30 

27. The method as described in any one of claims 17 
to 26, wherein said modifying the configuration of 
said electrode assembly comprises: 
changing a secondary electron emission coeffi- 
cient or an electron reflection coefficient of por- 35 
tions of said electrode assembly. 
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